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Introduction {#sec1}
============

Chiral homoallylic amines not only are widely found in natural products and pharmaceutically relevant compounds ([@bib10], [@bib9]) but also serve as versatile building blocks for chemical synthesis ([Scheme 1](#sch1){ref-type="fig"}A) ([@bib53], [@bib32]). Therefore, the asymmetric synthesis of chiral homoallylic amine scaffolds is of great interest in the organic chemistry community ([@bib30], [@bib57]). In this context, the asymmetric addition reaction of allylboronates to imines has been recognized as one of the most efficient methods for the construction of chiral homoallylic amines ([@bib24], [@bib64], [@bib16]). Compared with the additions of allylboronates to aldimines ([@bib39], [@bib37], [@bib51], [@bib59], [@bib22], [@bib23], [@bib21]), the corresponding asymmetric allylation of ketimines remains scarce, probably owing to the low reactivity of ketimines. Pioneering enantioselective allylation of acyclic ketimines with allylboronates by using DuPHOS-CuF catalyst has been demonstrated in 2006 by Shibasaki group ([Scheme 1](#sch1){ref-type="fig"}B) ([@bib56]). In addition, Rh (and Co)-catalyzed enantioselective additions of potassium allyltrifluoroborates to cyclic N-sulfonyl α-ketiminoesters were also reported ([Scheme 1](#sch1){ref-type="fig"}C) ([@bib40], [@bib15], [@bib14], [@bib60]). Very recently, Hoveyda reported NHC-CuCl complex-catalyzed highly stereoselective additions of versatile allyl groups to N-H ketimines ([Scheme 1](#sch1){ref-type="fig"}D) ([@bib20]). Other methods involve using enantiomerically pure boron allylation reagent ([Scheme 1](#sch1){ref-type="fig"}E) ([@bib6]) or chiral inducing amine alcohol reagent ([Scheme 1](#sch1){ref-type="fig"}F) ([@bib54]). Despite the mentioned achievements, several limitations, including high catalyst loading, long reaction time, harsh reaction conditions, and limited substrates, remain vast challenges to this field. Furthermore, such endeavors have been relying on either the utilization of canonical transition metal catalysis or stoichiometric chiral reagent. In consequence, the discovery of an efficient catalyst system that could enable the allylation of ketimines by allylboronate reagents in a more efficient and stereoselective fashion would provide access to chiral homoallylic amines in a sustainable manner.Scheme 1Construction of Chiral Homoallylic Amines through Addition of Allylboronates to Ketimines(A) Examples of biologically active homoallylamines.(B) Cu-catalyzed addition of allylboronates to ketimines.(C) Rh- or Co-catalyzed addition of allylboronates to ketimines.(D) Cu-catalyzed three-component reaction of N--H ketimines.(E) Addition of chiral allylboronates to ketimine.(F) Addition of allylboronates to ketimines controlled by chiral reagent.(G) Bi-catalyzed addition of allylboronates to ketimines.

Over the past few decades, chiral Lewis acid catalysis, a significant approach to obtain optically active compounds, had been well developed ([@bib61], [@bib62], [@bib63], [@bib35], [@bib36], [@bib41], [@bib45]). Although rare-earth metals, the first-row transition metals, and boron-type compounds are the most popular Lewis acid catalysts, the chiral alkaline-earth metal-based catalysts have also attracted ever-growing interest for meeting the needs of green sustainable chemical synthesis ([@bib12], [@bib65], [@bib68], [@bib34]). Bismuth compounds, due to their low toxicity and non-corrosiveness, have always been considered as suitable for designing environmentally benign catalysts ([@bib3], [@bib49], [@bib47], [@bib48]). However, the asymmetric bismuth catalysis remains a relatively unexplored field ([@bib55], [@bib27], [@bib26], [@bib28], [@bib29], [@bib31], [@bib44], [@bib33], [@bib25], [@bib17]). Thus, the development of efficient catalytic transformations using chiral bismuth system is highly meaningful and desirable.

Chiral 3-amino-2-oxindole is an important structural motif in medicinally relevant compounds ([@bib69], [@bib52], [@bib4]). Especially, the homoallylic aminooxindole derivatives not only act directly as an inhibitor of HIV-1 protease ([Scheme 1](#sch1){ref-type="fig"}A) but also can be converted into aminooxindole frameworks presented in alkaloids ([Scheme 3](#sch3){ref-type="fig"}B and 3C). In 2013, Nakamura demonstrated the enantioselective allylation of isatin-derived ketimines catalyzed by Pd-pincer-complexes and AgF under strict reaction conditions (−30°C) ([@bib46]). In 2016, Cai group reported an enantioselective In(OTf)~3~-catalyzed allylation of ketimines derived from isatins with highly toxic allyltributyltin; however, this method is not suitable for the substrates with electron-withdrawing groups ([@bib7]). Herein, we report a Bi(III)-catalyzed asymmetric allylation of isatin-derived ketimines with allylboronates under rather mild reaction conditions ([Scheme 1](#sch1){ref-type="fig"}G). A wide range of chiral 3-allyl 3-aminooxindoles were smoothly obtained in excellent yields with exceptional stereocontrol to forge the quaternary stereogenic carbon centers ([Scheme 1](#sch1){ref-type="fig"}G).

Results and Discussion {#sec2}
======================

Optimization of the Reaction Conditions {#sec2.1}
---------------------------------------

Binaphthols have been proved to be efficient catalysts for the reactions of boronate with ketones ([@bib38], [@bib2], [@bib1]) and aldimines ([@bib39], [@bib37], [@bib22], [@bib23], [@bib20]); we initially attempted the reaction of the isatin-derived *N*-Boc-protected ketimine **1a** and allylboronic acid pinacol ester **2a** with binaphthol **4**, yet catalyst **4** could not promote this reaction ([Table 1](#tbl1){ref-type="table"}, entry 1). Then we turned our attention to chiral phosphoric acids, which have also been considered as good catalysts to realize the allylboration of aldehydes ([@bib19]). Although chiral phosphoric acid (*S*)-**5a** indeed catalyzed the reaction to give product **3a** with 85.9: 14.1 *er*, only 17% yield was obtained after 48h ([Table 1](#tbl1){ref-type="table"}, entry 2). The reactivity is obviously unsatisfactory. We suspected that the Brønsted acidity of chiral phosphoric acid is not strong enough to simultaneously activate ketimine **1a** and allylboronate **2a**. Inspired by Luo\'s asymmetric binary acid catalysis ([@bib42], [@bib43], [@bib11], [@bib13], [@bib58], [@bib66]) and the bismuth catalyzed allylation of *para*-quinone with allylboronate **2a** developed by our group ([@bib67]), we proposed that this transformation was likely to be promoted by the BiX~3~-chiral phosphoric acid catalyst system and the use of chiral phosphoric acid could ensure the stereochemistry of this process. Gratifyingly, in the presence of *(S)*-**5a** and Bi(OAc)~3~, the model reaction gave product **3a** in quantitative yield with 87.9: 12.1 *er* ([Table 1](#tbl1){ref-type="table"}, entry 3). We then examined other *(S)-BINOL* chiral phosphoric acid with Bi(OAc)~3~, but no better results were achieved ([Table 1](#tbl1){ref-type="table"}, entries 4--8). Screening of solvents ([Table 1](#tbl1){ref-type="table"}, entries 9--15) revealed that the reaction was favored in Et~2~O ([Table 1](#tbl1){ref-type="table"}, entry 15). When catalyst loading was lowered to 1 mol% Bi(OAc)~3~ and 2 mol% *(S)*-**5a**, the yield (96%) and enantioselectivity (99.1: 0.9 *er*) essentially remained the same in comparison with those with high catalyst loading ([Table 1](#tbl1){ref-type="table"}, entry 16). The counter anions of Bi(III) and different Lewis acids were also investigated in the model reaction. The use of other bismuth salts resulted in either low reactivities or poor stereoselectivities ([Table 1](#tbl1){ref-type="table"}, entries 17--22). Exploring other metal acetates, including Sc(III), In(III), and Y(III), almost all showed poor catalytic activities ([Table 1](#tbl1){ref-type="table"}, entries 23--28). Thus, the optimal reaction conditions were finally determined to be 1 mol% Bi(OAc)~3~ and 2 mol% *(S)*-**5a** in Et~2~O (0.2 M) at room temperature ([Table 1](#tbl1){ref-type="table"}, entry 16).Table 1Reaction Optimization![](fx2.gif)EntryLACPASolventTimeYield[a](#tblfn1){ref-type="table-fn"}/%*er*[b](#tblfn2){ref-type="table-fn"}1[c](#tblfn3){ref-type="table-fn"}--**4**DCM64 hn.r.--2[c](#tblfn3){ref-type="table-fn"}--**5a**DCM48 h1785.9:14.13Bi(OAc)~3~**5a**CHCl~3~20 min9987.9:12.14Bi(OAc)~3~**5b**CHCl~3~25 min8861.7:38.35Bi(OAc)~3~**5c**CHCl~3~40 min9875.3:24.76Bi(OAc)~3~**5d**CHCl~3~25 min9555.1:44.97Bi(OAc)~3~**5e**CHCl~3~25 min9250.4:49.68Bi(OAc)~3~**6a**CHCl~3~80 min9917.0:83.09Bi(OAc)~3~**5a**DCM20 min8986.0:14.010Bi(OAc)~3~**5a**Toluene15 min9897.7:2.311Bi(OAc)~3~**5a**EA15 min9698.3:1.712Bi(OAc)~3~**5a**CH~3~CN50 min9988.2:11.813Bi(OAc)~3~**5a**THF75 min9397.0:3.014Bi(OAc)~3~**5a**Dioxane45 min9996.6:3.415Bi(OAc)~3~**5a**Et~2~O20 min9999.2:0.816[d](#tblfn4){ref-type="table-fn"}Bi(OAc)~3~**5a**Et~2~O35 min9699.1:0.917[d](#tblfn4){ref-type="table-fn"}Bi(OTf)~3~**5a**Et~2~O24 h3057.0:43.018[d](#tblfn4){ref-type="table-fn"}BiCl~3~**5a**Et~2~O24 h2753.9:46.119[d](#tblfn4){ref-type="table-fn"}BiBr~3~**5a**Et~2~O24 h8152.6:47.420[d](#tblfn4){ref-type="table-fn"}BiI~3~**5a**Et~2~O24 h9265.5:34.521[d](#tblfn4){ref-type="table-fn"}Bi(OH)~3~**5a**Et~2~O24 h2094.8:5.222[d](#tblfn4){ref-type="table-fn"}Bi(O^*i*^Pr)~3~**5a**Et~2~O60 h9494.9:5.123[d](#tblfn4){ref-type="table-fn"}Sc(OAc)~3~**5a**Et~2~O72 h\<5--24[d](#tblfn4){ref-type="table-fn"}In(OAc)~3~**5a**Et~2~O72 h3155.4:44.625[d](#tblfn4){ref-type="table-fn"}Cu(OAc)~2~**5a**Et~2~O52 htrace--26[d](#tblfn4){ref-type="table-fn"}AgOAc**5a**Et~2~O25 h1255.9:44.127[d](#tblfn4){ref-type="table-fn"}Y(OAc)~3~**5a**Et~2~O25 htrace--28[d](#tblfn4){ref-type="table-fn"}La(OAc)~3~**5a**Et~2~O48 h1269.0:31.0[^2][^3][^4][^5][^6]

Substrate Scope {#sec2.2}
---------------

We then explored the substrate scope of the allylation of isatin-derived ketimines under the optimal reaction conditions. We first investigated the substituents on the phenyl ring of the isatin. As shown in [Figure 1](#fig1){ref-type="fig"}, this protocol is amenable to most of *N*-Boc-protected ketimines derived from *N*-benzylisatins bearing electron-donating or electron-withdrawing substituents and halogen atoms on the phenyl ring, leading to chiral 3-allyl 3-aminooxindole products ([Figures 1](#fig1){ref-type="fig"}, **3a**-**3p**) in high yields (73%--99%) with good to excellent enantioselectivities (91.7: 8.3--99.3: 0.7 *er*). However, electron-withdrawing substituents on the C5 and C7 of the phenyl ring led to reduced stereoselectivities ([Figure 1](#fig1){ref-type="fig"}, **3g** and **3p**).Figure 1Scope of Substituents on the Phenyl RingThe reactions were carried out with **1** (0.2 mmol), **2a** (0.24 mmol), Bi(OAc)~3~ (1 mol%), and (*S*)-**5a** (2 mol%) in 1.0 mL Et~2~O at room temperature. The absolute configuration of the product was determined by X-ray analysis of **10**. Isolated yields. The *er* values were determined by HPLC analysis.

Subsequently, the effect of the protecting group at the N1-position were examined ([Figure 2](#fig2){ref-type="fig"}). To our delight, the expected product **3q** was afforded from ketimine **1q** without protecting group on the N1-atom in 99% yield and 85.1: 14.9 *er*. An elevated 98.8: 1.2 *er* was obtained after one single recrystallization from ethyl acetate/*n*-pentane. In addition, isatin-derived ketimines with phenyl, acetyl, alkyl (R' = Me, allyl, methoxymethyl or CH~2~CH(OEt)~2~) at the N1-position, were also efficiently transformed into the corresponding allylic products (**3r**-**3v**) with good to excellent enantioselectivities (92.4: 7.6--99.5: 0.5 *er*). When the substituents at the N1-position of ketimines **1** were substituted benzyl groups, we found that the electron effect or the steric hindrance had almost no effect on the reaction results ([Figure 2](#fig2){ref-type="fig"}, **3x**-**3z** and **3aa**--**3af**).Figure 2Scope of Protecting Group at the N1-Position and Other N-Substituted KetiminesThe reactions were carried out with **1** (0.2 mmol), **2a** (0.24 mmol), Bi(OAc)~3~ (1 mol%), and *(S)*-**5a** (2 mol%) in 1.0 mL Et~2~O at room temperature. Isolated yields. The *er* values were determined by HPLC analysis.The *er* in bracket was afforded after recrystallization from ethyl acetate/*n*-pentane.

Furthermore, other *N*-alkoxycarbonyl ketimines can also react with **2a** and give the products (**3ag** and **3ah**) in good yields and excellent enantioselectivities ([Figure 2](#fig2){ref-type="fig"}). And *N*-phenyl ketimine **1ai** could also be transformed into the corresponding allylation product **3ai** under the optimal conditions in excellent yield (98%) with good enantioselectivity (94.1:5.9 *er*).

To expand the scope of this Bi(OAc)~3~/CPA catalyzed asymmetric allylation method, some other ketimines were also investigated ([Scheme 2](#sch2){ref-type="fig"}). To our delight, not only the cyclic *N*-sulfonyl α-ketiminoester **1aj** but also the **N**-Boc ketimine **1ak** derived from pyrazolin-5-one could work smoothly under the optimal conditions and give the desired products **3aj** ([@bib60]) and **3ak** in excellent yields with good enantioselectivities. In addition, this catalytic system was also proved to be suitable for the asymmetric allylation of isatin ([Scheme 2](#sch2){ref-type="fig"}) ([@bib18]).Scheme 2Other Ketimine Skeletons and Scope of Allyl Boron ReagentCondition A: **1** (0.2 mmol), **2a** (0.24 mmol), Bi(OAc)~3~ (1 mol%), and *(S)*-**5a** (2 mol%) in 1.0 mL Et~2~O at room temperature; Condition B: **1al** (0.2 mmol), **2a** (0.24 mmol), Bi(OAc)~3~ (1 mol%), and *(S)*-**6a** (2 mol%) in 1.0 mL cyclohexane at room temperature. Isolated yields. The *er* values were determined by high-performance liquid chromatography (HPLC) analysis.

Further exploration of the substrate scope was focused on the allyl boron reagent ([Scheme 2](#sch2){ref-type="fig"}). When potassium allyltrifluoroborate and allyl boric acid were used, the corresponding product **3a** was obtained with 92.4:7.6 *er* and 93.1:6.9 *er*, respectively. It should be noted that this Bi(OAc)~3~/CPA catalytic system is applicable to a variety of boron allylation reagent, whereas previous reports are often limited to the particular one. The α-addition product **3am** (91% yield, 5.8:1 d.r., and 96.6:3.4 *er*) resulted in the reaction of **1a** and **2d**. When β-methyl branch allylboronic acid pinacol ester reacted with **1a** under the optimal conditions, the desired product **3an** was obtained in good yield (84%) with depressed enantioselectivity (79.4:20.6 *er*). Moreover, the reaction of pinacolyl isoprenylboronate and ketimine **1a** could also give the desired product **3ao** in good yield (69%) and moderate enantioselectivity (84.4:15.6 *er*).

Large-Scale Reaction and Synthetic Applications {#sec2.3}
-----------------------------------------------

To probe the efficiency of current asymmetric allylation strategy in preparative synthesis, a gram-scale reaction of **1a** and **2a** was investigated under optimal reaction conditions. To our delight, the corresponding product **3a** was obtained without any loss of the enantioselectivity ([Scheme 3](#sch3){ref-type="fig"}A). To illustrate the applicability of our method in organic synthesis, the product was applied to synthesize some pharmaceuticals and *N*-containing heterocyclic oxindole compounds. Firstly, as shown in [Scheme 3](#sch3){ref-type="fig"}B, the allylation product **3a** underwent complete oxidation and reduction to give the compound **7**. Compound **7** can be oxidized to an aldehyde intermediate and provided key compound **8** by reductive amination, which can be converted to (−)-psychotriasine ([@bib8]). Compound **3a** underwent hydroboration-oxidation followed by an intramolecular Mitsunobu reaction to afford spirocyclic amine **10** (98.7:1.3 *er*). The N-allylation of **3a** can also offer product **11** in high yield, and its ring-closing metathesis gave spirocyclic amine **12** in high yield with maintained *er* value by using Grubbs second catalyst. In addition, the β-amino ester **13** was afforded by oxidation of **3a** followed by esterification. Boc removal followed by cyclization led to spiro-β-lactam **15** in 67% yield and 98.8:1.2 *er*. Thereafter, oxidation of **3v** followed by an esterification afforded compound **16** without any loss of enantioselectivity (99.6:0.4 *er*). And the compound **16** could be transformed into (+)-AG-041R, which is a potent gastrin/CCK-B receptor antagonist ([Scheme 3](#sch3){ref-type="fig"}C) ([@bib50]).Scheme 3Large-Scale Reaction and Transformations of the Products(A) The gram-scale reaction.(B) The versatile transforms of 3a.(C) The formal synthesis of (+)-AG-041R.Reagents and conditions: (a) KMnO~4~, NaIO~4~, H~2~O, room temperature, 2 d; (b) Et~3~N, ClCO~2~Et, THF, −10°C, 1 h; (c) NaBH~4~, H~2~O, 0°C to room temperature, 4 h; (d) DMP, NaHCO~3~, DCM, room temperature, 1 h; (e) CH~3~NH~2~⋅HCl, Et~3~N, MgSO~4~, MeOH, room temperature, overnight, then NaBH~4~, 0°C; (f) 9-BBN, THF, 0°C to room temperature, 24 h; (g) AcONa, H~2~O~2~ (30% aq.), 0°C to room temperature, 5 h; (h) Ph~3~P, DEAD, DCM, 0°C to room temperature, overnight; (i) NaH, DMF, Allyl bromide, room temperature, 30 min; (j) Grubbs second, toluene, 60°C, 20 min; (k) MeI, Cs~2~CO~3~, CH~3~CN, room temperature, 8 h; (l) TFA, DCM, room temperature, 3 h; (m) 2 M NaOH (aq.), MeOH, 2 h; (n) MsCl, NaHCO~3~, CH~3~CN, 80°C, 18 h.

Mechanistic Considerations {#sec2.4}
--------------------------

We performed control experiments to investigate whether bismuth acetate and chiral phosphoric acid work in a synergic manner on the activity and enantioselectivity of the asymmetric allylation ([Table 2](#tbl2){ref-type="table"}). The reaction proceeded smoothly in the presence of Bi(OAc)~3~ and gave a racemic product ([Table 2](#tbl2){ref-type="table"}, entry 1). When only chiral phosphoric acid *(S)*-**5a** existed, 14% yield and 62.4: 37.6 *er* could be achieved in 48 h ([Table 2](#tbl2){ref-type="table"}, entry 2). Considering that the hydrolysis of Bi(OAc)~3~ produces acetic acid, we performed the reaction under the condition of only 2 mol% AcOH, and 12% racemic product could be given ([Table 2](#tbl2){ref-type="table"}, entry 3). If adding 3 mol% *(S)*-**5a** on the basis of condition C, we could afford the product in 17% yield with 71.6: 28.4 *er* in 48 h ([Table 2](#tbl2){ref-type="table"}, entry 4). Therefore, the effect of Lewis acid\'s hydrolysis on the reaction results could be excluded. These experimental results demonstrated that the reactivity and stereoselectivity should be controlled by Bi(OAc)~3~ and chiral phosphoric acid together.Table 2Control Experiments![](fx3.gif)EntryConditionsResults1Only 2 mol% Bi(OAc)~3~1.5 h, 99% yield, rac2Only 3 mol% (*S*)-**5a**48 h, 14% yield, 62.4:37.6 *er*3Only 2 mol% AcOH48 h, 12% yield, rac42 mol% AcOH +3 mol% (*S*)-**5a**48 h, 17% yield, 71.6:28.4 *er*

Preliminary experiments were conducted to illustrate the mechanism of the Bi(OAc)~3~/CPA catalytic system. ESI-MS experiment (cationic mode) gave two peaks m/z 1027.27 and 1728.45 corresponding to **5a**⋅Bi(OAc)~2~ and (**5a**)~2~⋅Bi(OAc)~2~ (for details, see [Supplemental Information](#mmc1){ref-type="supplementary-material"}). A positive nonlinear effect between the catalyst\'s *er* value and product\'s *er* value was observed under optimal reaction conditions ([Figure 3](#fig3){ref-type="fig"}) ([@bib35], [@bib58]), which indicates that more than one molecule of the chiral acid *(S)*-**5a** is likely to be involved in the transition state of the enantio-differentiating step. The α-selectivity was observed with 1-methylallylboronic acid pinacol ester ([Scheme 2](#sch2){ref-type="fig"}, substrate scope part); thus, we speculated that the reaction should occur through a B-to-Bi transmetalation process ([@bib5]).Figure 3Nonlinear Effect ExperimentFor the major diastereomer, determined by HPLC analysis on a chiral stationary phase, averaged over two runs (see also [Table S3](#mmc1){ref-type="supplementary-material"}).

The mechanism of the catalytic system has been further investigated by theoretical calculations (for computational details, see [Supplemental Information](#mmc1){ref-type="supplementary-material"}). Two mechanistic possibilities that differ by the coordination number were considered. A single CPA ligand is present in **M1**, whereas two chiral ligands are present in **M2** ([Figure 4](#fig4){ref-type="fig"}). Mechanism **M1** can be discarded based on the large energy barrier (at least 6.1 kcal/mol unfavorable) in which the single CPA served as a typical anionic ligand. Two CPA ligands perform different roles in **M2**, in which one serves as a typical anionic ligand and the other performs as a neutral ligand and acid catalyst simultaneously. We have examined different relative orientations of substrate **1q** and Bi-allyl species (details in the [Supplemental Information](#mmc1){ref-type="supplementary-material"}), and the most stable **TSs** corresponding to the structure was shown (**M2** in [Figure 4](#fig4){ref-type="fig"}). On examination of **TS-2p-(R)**, we found that the C=O group of the ketimine is coordinated with the Bi and the C=N group is activated by the proton of phosphoric acid simultaneously. In the most stable **TS-2P-(R)**, substrate **1q** is oriented with the bulky Boc group into an open quadrant of the catalyst and **TS-2P-(S)** with the bulky Boc group toward the catalyst lying 1.1 kcal/mol above the most stable **TS**. Calculations predict 86.5: 13.5 *er* for the *(R)*-product, which is consistent well with experimental 85.1: 14.9 *er*.Figure 4Transition State Structures and Relative Free Energies (in kcal/mol)See also [Figures S167--S170](#mmc1){ref-type="supplementary-material"}; and [Tables S3](#mmc1){ref-type="supplementary-material"} and [S4--S10](#mmc2){ref-type="supplementary-material"}.

Limitations of Study {#sec2.5}
--------------------

The reaction only gave poor yield (30%) and poor enantioselectivity (57.0:43.0 *er*) with the widely used Bi(OTf)~3~ instead of Bi(OAc)~3~ ([Table 1](#tbl1){ref-type="table"}, entry 17).

Conclusion {#sec2.6}
----------

In summary, we have developed a highly efficient and enantioselective asymmetric allylation of isatin-derived ketimines with allylboronates promoted by a binary acid system containing bismuth acetate and chiral phosphoric acid. As far as we know, this is the first successful application of the catalyst system of Bi(III) Lewis acid and chiral phosphoric acid in asymmetric catalysis. This is an unreported catalytic system in asymmetric allylation of ketimines. As a result, a series of chiral 3-allyl 3-aminooxindoles were obtained in excellent yields (up to 99%) and enantioselectivities (up to 99.5: 0.5 *er*). The synthetic utility was demonstrated not only by formal synthesis of (+)-AG-041R and (−)-psychotriasine but also by the transformation of the allylation products into valuable chiral 3-spirocyclic oxindoles. Preliminary mechanism study by control experiments and theoretical calculations shows that two chiral phosphoric acids, in which one serves as an anionic ligand and the other performs as a neutral ligand and acid catalyst simultaneously, have participated in this allylation strategy. We anticipate that this work will provide a broad prospect for the future application of bismuth in asymmetric catalysis.

Methods {#sec3}
=======

All methods can be found in the accompanying [Transparent Methods supplemental file](#mmc1){ref-type="supplementary-material"}.

Data and Software Availability {#appsec1}
==============================

The crystallography data have been deposited at the Cambridge Crystallographic Data Center (CCDC) under accession number CCDC: 1849656 (**10**) and can be obtained free of charge from [www.ccdc.cam.ac.uk/getstructures](http://www.ccdc.cam.ac.uk/getstructures){#intref0010}.
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[^1]: Lead Contact

[^2]: The reactions were carried out with **1a** (0.1 mmol), **2a** (0.12 mmol), Bi(OAc)~3~ (2 mol%), and CPA (3 mol%) in 0.5 mL solvent at room temperature.

[^3]: Yield of isolated products.

[^4]: Determined by HPLC analysis.

[^5]: The reactions were carried out with **1a** (0.1 mmol), **2a** (0.12 mmol), 10 mol% catalyst in 0.5 mL DCM at room temperature.

[^6]: The reactions were carried out with **1a** (0.2 mmol), **2a** (0.24 mmol), Bi(OAc)~3~ (1 mol%), and *(S)*-**5a** (2 mol%) in 1.0 mL Et~2~O at room temperature.
